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The occurrence of bacterial infections of the urinary tract in
children is exceeded in frequency only by bacterial infections
of the respiratory tract. Acute pyelonephritis represents the
most severe type of urinary tract infection in children. It not
only results in greater morbidity but also has great potential for
causing irreversible damage, including renal scarring, hyper-
tension before the age of 30 years and pregnancy complications
[1–3]. Escherichia coli causes most pyelonephritis (PN)—approxi-
mately 80–90% of first infections in children. The pathogenesis
of E. coli pyelonephritis is complex, involving the interaction
of several factors present in the host and in the invading organ-
ism. Host factors predisposing to PN can be anatomic, increased
uroepithelial cell adherence, and nonsecretion of P blood group
or of the Lewis blood group antigens [4]. Previous investigations
have indicated that various virulence factors, such as pili associ-
ated with pyelonephritis (pap), afimbrial adhesin I, haemolysin
(hly) and cytotoxic necrotizing factor 1 (cnf 1) are useful mar-
kers for the detection of uropathogenic E. coli and could there-
fore be used in the diagnosis of PN [5–7].
The aim of this study was to determine the role of virulence
factors in E. coli urinary isolates from children with pye-
lonephritis in University Children’s Hospital, Sofia. One hun-
dred and eighty E. coli strains were isolated from the urine of
hospitalized children, ages between 5 months and 16 years of
age, in the University Children’s Hospital, Sofia. Midstream
urine samples were collected after washing the external genitalia
with sterile water.
One hundred children had clinical acute pyelonephritis, with
symptoms: fever, temperature 38.5 °C, flank pain, frequent
chills, dysuria, frequency of urination, positive urine culture
(105 bacteria/mL urine), pyuria (10 white blood cells/high
power field), elevated erythrocyte sedimentation rate
(20 mm/h), an increased concentration of C-reactive protein
(20 mg/L) and reduced concentrating capacity. The clinical
diagnosis of cystitis and urethritis was based on a history of
frequency and urgency of urination, dysuria, suprapubic pain,
and significant bacteriuria with the absence of fever, chills, and
flank pain, and normal renal function.
The control group comprised of 80 sex- and age-matched
healthy children who had sterile urine cultures. Their E. coli
strains were isolated from normal intestinal flora.
Identification of E. coli was by standard bacteriological
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methods. O-serotyping was carried out with eight polyvalent
and 56 monovalent antisera (National Center of Infectious and
Parasitic Diseases, Sofia, Bulgaria).
Hemolysin production was tested on sheep blood agar plates.
The presence of a hemolytic zone larger than the overlying
bacterial colony was considered as a positive reaction.
Detection of P fimbriae was performed by a particle aggluti-
nation test (PF test; Orion Diagnostica, Espoo, Finland), which
was specific for the P receptor [5]. If P fimbriae were expressed
by the organism, macroscopic agglutination was apparent, usu-
ally within 1 min [6].
Human group A erythrocytes were washed twice in phos-
phate-buffered saline (PBS) and suspended to 3%. The hem-
agglutination activity and its inhibition by D-mannose were
examined on a glass slide by mixing one drop of red blood cell
suspension with or without one drop of D-mannose (2%) and
one loopful of bacteria, grown on colonization factor antigens
agar (CFA agar; National Centre of Infectious and Parasitic
Diseases, Sofia, Bulgaria) at 37 °C for 18 h [8,9].
The following cell lines were used: epithelium-like monkey
kidney (MK), epithelium-like carcinoma of uterine cervix
(HeLa), epithelium-like carcinoma of larynx (Hep), fibroblasto-
like mouse fibroblasts (FL). Mono-layer cultures in glass test
tubes were infected with 0.1 mL (106 bacterial cells) from the
initial suspension of each strain and were incubated at 37 °C
[10]. Microscopy of the infected mono-layer cells was per-
formed after 12, 24, 48, 72, and 96 h, with a direct magnification
of 75 under a light microscope (Carl Zeiss, Jena, Germany).
Possession of K 1 antigen by E. coli was tested with aggluti-
nation by murine monoclonal antibodies to the group B men-
ingococcal capsule [11].
The cell suspension prepared from overnight cultures of E.
coli grown at 37 °C were adjusted in Hanks balanced salts solu-
tion (HBSS) to contain 2.5  107 colony-forming units/L. Into
one well of a microplate 0.05 mL of neat serum and 0.05 mL
of bacterial suspension was pipetted. The control well contained
0.05 mL of HBSS instead of serum. The microplate was sealed
with adhesive tape to prevent evaporation and placed on a roller
(angle 45°) and rotated for 180 min. Samples (10 mL) were
withdrawn after 180 min incubation at 37 °C and spread on
blood agar plates. Susceptibility of bacteria to serum killing was
expressed as the percentage of bacteria surviving after 180 min
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in comparison with the original count of bacteria at 0 min in
the control [6].
Susceptibility of bacteria to serum was estimated by pre-
viously described methods [12]. Strains were termed serum-
sensitive if the viable count dropped to 1% of the initial value
and resistant if more than 90% of organisms survived after
180 min. The remaining strains were considered to be of inter-
mediate sensitivity. The results were compared by the x2 test.
A total of 48 E coli strains were nonagglutinable with the
available antisera. We found groups 01, 02, 04, 06, 07, 018 and
075 among strains isolated from children with PN (Table 1).
Hemolysin was presented in 76% of strains from children with
PN and in 40% of those with lower urinary tract infection
(LUTI) (Table 2). Eighty E. coli strains (80%) were P-fimbriated
in the group with PN and eight strains (10%) from children
with LUTI (Table 2). Mannose-resistant hemagglutination
(MRHA) of human group A erythrocytes was found in 72
(72%) E. coli strains, isolated from children with PN. Among
children with LUTI only eight (10%) had MRHA-positive
strains (Table 1). Epithelial cell lines were sensitive to the invas-
ive action of pyelonephritogenic E. coli strains. At 72 h the cells
reduced their volume and shrank. A small-cell cytopathogenic
effect was evident. The fibroblast-like lines were nonsensitive.
Cytotoxic necrotizing factor (CNF) was shown in all isolates
Table 1 Frequency of O groups in children with urinary tract infection and in healthy controls
Occurrence (%) in each diagnostic group
Occurrence Lower urinary Healthy
No. of (%) in all strains Pyelonephritis tract infection controls
O group strains (n = 260) (n = 100) (n = 80) (n = 80)
1, 2, 4, 6 109 41.9 52.5 70 8
7, 18, 75 36 13.8 16.2 6.7 16
8, 20, 111,
117, 124, 125 67 25.8 21.2 10 42
NTa 48 18.5 10.1 13.3 34
a not typeable with the antisera to the O groups mentioned.
Table 2 Frequency of virulence-associated phenotypes among Escherichia coli isolates from children with urinary tract
infections and healthy controls
Frequency of phenotypes
Haemolysin Cytotoxicnecrotizing Serum
Child status P-pili expression factor MRHA K1-capsule resistancea
Pyelonephritis 80/100 76/100 100/100 72/100 52/100 61/100
Lower urinary tract infection 8/80 32/80 24/80 8/80 32/80 24/80
Healthy controls 11/80 3/80 12/80 8/80 3/80 5/80
a resistance to the bactericidal action of normal human serum.
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(100%) from children with PN and in 24 strains (30%) from
those with LUTI (Table 2). K 1 antigen was present in 52% of
the pyelonephritogenic strains and in 40% of strains from chil-
dren with LUTI (Table 2). Serum resistance was found in 61
(61%) patients with PN and in 24 (30%) of those with LUTI
(Table 2). Seventy-three (73%) expressed four, five or six viru-
lence properties of E. coli strains isolated from children with
PN, whereas 64 (80%) cases of LUTI were caused by strains
that expressed one or two virulence factors (Table 3).
Table 2 shows the prevalence of the virulence factors in E.
coli strains isolated from the normal intestinal flora of healthy
controls.
In agreement with Petrovska and Svanborg-Eden [5,13], we
found an association of expression of P fimbriae and MRHA
of human group A erythrocytes in strains isolated from children
with PN. Serum resistance has also a greater proportion of
strains isolated from PN. It has been claimed by others [14] that
the ability of an isolate to resist the bactericidal activity of serum
depends on virulence markers of the individual strain and site
of infection. It is possible that in strains causing PN some
virulence markers, e.g. K antigen and hemolysin, which are
known to contribute to serum resistance, could be involved
[11,14]. Finally, from the results obtained in this study, the
incidence of P fimbriae, MRHA of human group A eryth-
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Table 3 Combination of virulence
determinants in E. coli
isolates from children with
pyelonephritis and lower
urinary tract infections
Number of virulence Pyelonephritis Lower urinary tract Healthy controls
markers n = 100 infection n = 80 (n = 80a)
1 2 32 40
(%) 2 40 50
2 8 32 9
(%) 8 40 11
3 17 13 6
(%) 17 16 8
4 22 3 –
(%) 22 4
5 19 – –
(%) 19
6 32 – –
(%) 32
a 25 strains from healthy controls are without virulence marker.
rocytes and CNF production appears to be more associated
with strains isolated from children with PN than with those
from children with LUTI. Similar results concerning the
expression of P fimbriae and MRHA of human group A eryth-
rocytes in E. coli strains isolated from children with PN have
been reported by others [6,14,15]. Uropathogenic E. coli strains
are characterized by the simultaneous occurrence of various
virulence factors [7]. Faecal isolates from healthy children exhi-
bit only relatively few virulence properties. In conclusion, we
have found that pyelonephritogenic E. coli strains show viru-
lence factors such as the production of CNF and haemolysin,
expression of P fimbriae and MRHA, production of K1 antigen
and serum resistance. Highly uropathogenic E. coli strains
express three to five virulence determinations. These results are
consistent with those of others [5,7,10,14].
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